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Abstract
The DNA damage response mediator protein, p53-binding protein 1 (53BP1), is dispensable for the
repair of most DNA doublestrand breaks (DSBs) induced by ionising radiation. However, two recent
studies have shown that 53BP1 is required for rejoining of distant DSB ends and that it promotes the
movement of uncapped telomeres. These results are discussed in the light of recent findings, and a
model for the role of 53BP1 in DSB rejoining is presented.
Introduction and context
Ataxia telangiectasia (A-T) mutated protein (ATM) lies at
the heart of the DNA doublestrand break (DSB) signal
transduction response [1]. Following DSB detection, in a
step dependent upon the Mre11-Rad50-Nbs1 (MRN)
complex, a range of so-called ‘mediator’ proteins, includ-
ing MDC1 (mediator of DNA damage checkpoint 1),
BRCA1 (breast cancer 1, early onset), RNF8 (ring finger
protein 8), and 53BP1 (p53-binding protein 1), are
recruited to the DSB. Although significant insight into the
orchestrated assembly of the complex of mediator
proteins has been gained, their precise role in the damage
response has remained elusive [2–4]. The ‘mediators’
accumulate over a large distance surrounding the DSB
and, perhaps critically, serve to recruit and maintain ATM
at the DSB site. ATM phosphorylates multiple substrates,
including p53, the Chk2 transducer kinase, and the
mediator proteins themselves. Either directly or indir-
ectly, these phosphorylation events regulate end points
such as cell cycle checkpoint arrest or apoptosis.
Importantly, they also influence DSB repair.
Although cells lacking individual mediator proteins
display genomic instability, defects in the response to
DSBs are subtle. ATM-dependent substrate phosphoryla-
tion is only marginally impaired, cell cycle checkpoint
arrest is normal at all but very low DSB numbers, and
most DSB repair occurs efficiently [5,6]. However, two
studies recently have provided significant insight into the
function of 53BP1, a mediator protein that is the closest
homologue of the Saccharomyces cerevisiae and S. pombe
proteins, Rad9 and Crb2, respectively [7,8]. Both studies
demonstrate roles for 53BP1 in the rejoining of distant
DSB ends. Here, we consider the significance of these
findings, which provide insight into the elusive role of
53BP1.
Major recent advances
53BP1 promotes non-homologous end-joining between
distant DNA breaks
The major process that repairs radiation-induced DSBs in
mammalian cells is DNA non-homologous end-joining
(NHEJ). Although the majority of NHEJ occurs indepen-
dently of ATM signalling, recent studies have shown that
ATM and 53BP1 are required for the repair of approxi-
mately 15% of ionising radiation (IR)-induced DSBs [6].
NHEJ has also been shown to rejoin DSBs that arise at
deprotected telomeres [9]. Dimitrova and colleagues [7]
examined the role of 53BP1 in the rejoining of
deprotected telomeres, obtained using a conditional
deletion of TRF2, a component of the shelterin complex
that protects telomere ends. Mouse telomeres lacking
TRF2 are recognised as DSBs, inducing the recruitment of
ATM signalling proteins and NHEJ-dependent rejoining
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tected ends, therefore, are processed like radiation-
induced DSBs by NHEJ. However, in contrast to most
NHEJ rejoining, telomere fusion events caused by
elimination of TRF2 require ATM and 53BP1. To assess
the role of 53BP1, Dimitrova and colleagues created a
fluorescently tagged fragment of 53BP1, which was able
to localise to telomere ends tagged with GFP-TRF1,
another shelterin component. Remarkably, time-lapse
microscopy performed after loss of TRF2 revealed that, in
the presence of 53BP1, the deprotected telomeres were
more mobile, moving through larger territories within
the nucleus compared with cells lacking 53BP1. The
authors interpreted their findings to suggest that 53BP1
may cause localised changes to chromatin that promotes
movement of the DNA ends, a necessity for NHEJ-
dependent rejoining of distant DSBs.
NHEJ also functions during V(D)J – variable (diversity)
joining – recombination and class switch recombination
(CSR), two critical intrachromosomal joining events
during immune development. Since A-T patients do not
manifest severe combined immunodeficiency and since
cells lacking ATM and 53BP1 are largely proficient for
V(D)J recombination, it has been assumed that, like
most radiation-induced DSBs, the rejoining of DSBs
induced during V(D)J recombination is ATM- and
53BP1-independent. However, Difilippantonio and col-
leagues [8] focused on the observation that, although
53BP1
−/− mice are largely proficient for V(D)J recombi-
nation, they have reduced T and B cell numbers and
decreased thymus cellularity. More detailed analysis
revealed distinct abnormalities in T-cell antigen receptor
(TCR) coding junctions, including TCR-b, TCR-a, and
TCR-d, that were reminiscent of the aberrant short-range
intra-switch recombination products observed in CSR
junctions in 53BP1
−/− mice. Specific analysis of joining
of distal gene segments in 53BP1
−/− thymocytes revealed
that, whilst short-range rearrangements were similar or
even more numerous, long-range rearrangements in
53BP1 knockout mice were significantly and specifically
diminished. This unexpected and exciting finding
exposes a specific role for 53BP1 in long-range V(D)J
rejoining events.
53BP1s impact on chromatin organisation
Although 53BP1 is not a core NHEJ component, it has
now been shown to function in several NHEJ-dependent
rejoining events: (a) a subcomponent of IR-induced DSB
Figure 1. DSB-induced / 53BP1-mediated increased chromatin mobility
Higher order chromatin structure serves as a barrier limiting DNA accessibility, mobility, and some repair processes. Mounting evidence suggests that a
function of ataxia telangiectasia mutated protein (ATM) is to affect localised chromatin changes required for some, but not all, aspects of doublestrand break
(DSB) repair. ATM is an inactive multimer in undamaged cells. In the presence of DSBs, the Mre11-Rad50-Nbs1 (MRN) complex recruits ATM to the DSB
site, resulting in its autophosphorylation, monomerisation, and activation. ATM signalling causes phosphorylation of histone H2AX, followed by MDC1
recruitment, recruitment of ubiquitin ligases (for example, RNF8), histone mono-ubiquitination (mono-ub), and finally 53BP1 recruitment. 53BP1 recruitment
is required for ATM retention at the DSB site. This facilitates ATM-mediated localised chromatin modifications, which enhance chromatin relaxation. This is
required for some, but not all, DSB-processing events. It appears to be dispensable for most non-homologous end-joining (NHEJ) but is required for long-
range NHEJ events, for telomere fusions, and for rejoining DSBs located within heterochromatin. The precise nature of the chromatin modifications required
for these events is still unclear.
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and (c) long-range V(D)J recombination. In addition to
these processes, 53BP1 is required for CSR, another DSB
rejoining process that, at least to some extent, is also
NHEJ-dependent [10–12]. Curiously, although long-
range rejoining of DSBs is beneficial to help create
diversity during immune development and is perhaps
preferable to the persistence of unprotected telomeres,
long-range translocations following IR-induced DNA
doublestrand breakage will likely promote genomic
instability and therefore be undesirable. Notwithstand-
ing the different outcomes and benefits, it is tempting to
anticipate that all events arise via a common role of
53BP1.
Recent studies have shown that those radiation-induced
DSBs requiring ATM for repair are located within
heterochromatin and that ATM phosphorylates KAP-1,
a heterochromatic-building factor [13]. Since the need
for 53BP1 is epistatic to ATM in DSB repair, it is possible
that 53BP1 also functions to promote KAP-1 phosphor-
ylation, enhancing the phosphorylation of KAP-1 at the
DSB site to facilitate chromatin relaxation. It is currently
unclear whether KAP-1 phosphorylation is required for
telomere fusions. Although KAP-1 may not be the critical
ATM substrate for unprotected telomere repair, one
potential model is that ATM-dependent phosphoryla-
tion events arising in a 53BP1-dependent manner confer
chromatin relaxation (Figure 1). MDC1 is dispensable
for ATM activation but is required for ATM retention at
the DSB site, and indirect evidence suggests that 53BP1
may also serve to localise ATM to the site of damage [14].
Thus, a potential model is that 53BP1 is specifically
required for localised chromatin modification in the
vicinity of the DSB. Whether the ‘movement’ observed at
the uncapped telomeres is the critical event promoting
rejoining or a consequence of chromatin relaxation
remains to be determined. Strikingly, loss of MDC1 and
phosphorylated histone gH2AX imparts a milder impact
on long-range V(D)J recombination rejoining in stark
contrast to radiation-induced DSBs, in which loss of
MDC1, gH2AX, and 53BP1 exerts similar and epistatic
phenotypes. Thus, 53BP1 may have an additional role, as
proposed by Difilippantonio and colleagues, reflecting a
function in enhanced DSB synapsis via ‘basal’ chromatin
binding (not highlighted in Figure 1).
Future directions
The finding that 53BP1 promotes movement of telomere
ends is exciting and novel and it will be important to
establish whether this is a phenotype directly underlying
telomere fusion events or an indirect consequence of
chromatin changes. An exciting question to address now
is what chromatin changes underlie these different
53BP1 rejoining events and whether or not they are
mechanistically related.
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